Introduction
International trade has grown substantially faster than world income through most of the post war period, 1 and at the same time the share of manufacturing in world trade has increased substantially (WTO, 2007) . Globalisation has transformed many economies, and some authors have heralded the age of 'Flat Earth' (Friedman 2005 ). Yet international economic interactions remain small relative to interactions that take place within national borders.
Trade is choked-off by distance, by borders and by a variety of political and cultural obstacles. Integration into the world economy is widely viewed as one of the key factors underlying the success of the fastest growing economies (Growth Commission, 2008) yet many countries remain isolated and have failed to achieve this integration. Transport costs are one, amongst many, of the factors that shapes these trade patterns. This paper investigates the impact of transport costs on international trade, looking both at the influence of transport costs on trade and at the determinants of international transport costs.
The first issue we study is the impact of transport costs on the volume and nature of international trade. To what extent has the rise in international trade been driven by changes in transport costs? Why is cross-country and cross-regional experience so different?
Transport costs also influence modal choice, the commodity composition of trade and the organisation of production, particularly as 'just-in-time' methods get extended to the global level. In turn, these new production methods are placing increasing demands on the transport system.
The second issue is the determinants of international transport costs. There is enormous cross-country variation in transport costs and in trade costs more generally. To what extent are these determined by geography, or by infrastructure investments or institutional barriers? Through time, the evidence is that transport costs have not fallen as much as many people might expect. We explore this paradox.
We take as organising structure the following relationship, which embeds both our questions.
Trade = F{income, policy, cultural affinity, transport costs = f(distance, geography, infrastructure, trade facilitation, technology, fuel costs)}
The relationship can be thought of as applying to any particular bilateral trade flow between a source country and a destination country and is written to reflect the different channels through which variables affect trade. Trade flows depend on characteristics of the source and destination countries, such as their economic size as reflected in income. It also depends on 'between country' characteristics such as their policy towards each other and their cultural affinity. The characteristics we are primarily interested in are transport costs which manifest themselves as freight charges and non-pecuniary costs like speed and reliability. Transport costs shape trade, and are in turn determined by underlying variables such as distance and other features of geography, infrastructure quality, trade facilitation measures, fuel costs and transport technology.
The variables in equation (1) are not exhaustive, but are indicative of the relationships that have been studied. The most frequently studied empirical part of the relationship is the gravity model of trade, which can be thought of as a reduced form that focuses on how underlying aspects of income, geography and other variables shape trade but without specifying the precise channel. For example, distance is thought to impede trade by increasing freight costs and increasing the length of transit, but may also operate through other channels such as the costs of gathering information on market opportunities. A brief review of this approach is the subject of the next section of the paper.
Section 3 of the paper turns to the effects of transport costs on trade. It reviews the evidence of cross-country variation in transport costs and uses alternative sources of data to study the influence of freight rates on trade volumes. We also consider different modes of transport in the context of the trade-off between time-in-transit delays and freight charges.
We then move on (section 4) to review literature on the determinants of transport costs. We organise this in two sections, looking first at cross-country variation, and then at the evolution of freight rates through time. This section of the paper in particular draws heavily on the work of David Hummels and his recent survey (Hummels, 2007) . It also explains how transport developments enabled new forms of international organisation of production to develop and discusses the implications of such developments.
In section 5 we discuss some technical issues involved in establishing findings in this area, particularly the estimation of gravity models. The final section draws on our findings to discuss some of the broader implications. Are the trade-related benefits worth the costs of improving transport? Do lower trade costs raise incomes?
Gravity: the reduced form
One of the most robust -and extensively studied -relationships in economics is the gravity model of international trade. It can be thought of as a reduced form of equation (1) 
where trade is measured as exports from country i to country j . The equation is typically estimated in log linear form, 2 such that τ 1 can be interpreted as the elasticity of trade with respect to distance. Distance is a bilateral variable but most other variables -for example the landlocked dummy, measures of infrastructure quality or trade facilitation -are countryspecific. 3 Many empirical studies refer to the rigorous theoretical economic foundations underpinning gravity, 4 but often ignore the potential implications for the estimation of coefficients and their interpretation; we touch on some of these issues in section 5.
Numerous gravity studies are surveyed in Anderson & van Wincoop (2004) For an example of a non-linear specification, see Coe & Hoffmaister (1999) . 3 Our illustrative specification emphasises the country-specific features of the exporter, but could easily include importer-specific features as well. 4 For example, see Anderson (1979) and Bergstrand (1985) . 5 The distance measure is the great circle distance, which is the shortest distance between any two points on the earth's surface measured along the surface of the earth. The two points are usually the capital or largest commercial cities of each country, although sometimes weighted measures based on multiple cities may be used.
has declined, but simply that short distance trade has increased more than long distance. 6 The Logistics Performance Index is a new dataset produced by the World Bank. It is constructed using principal component analysis based on six measures, namely (i) the efficiency of the clearance process by customs and other border agencies, (ii) transport and information technology infrastructure, (iii) local logistics industry competence, (iv) the ease and affordability of international shipments, (v) the facility to track and trace shipments and (vi) the timeliness with which shipments reach their destination. It therefore captures a broad spectrum of factors which influence transport costs.
While the gravity model is the reduced form relationship between trade, income, and geography, the task in this paper is to identify the role of transport costs in this relationship.
How do transport costs affect trade, and what determines transport costs?
Transport costs and trade
The next step is to identify the effect of the transport cost channel in the determination of trade flows. This involves obtaining data on transport costs and investigating a form of relationship (1) which uses this information while excluding other variables that are expected to affect trade volumes only via their effect on transport costs. Rewriting equation (1) as
we are interested in the strength of the last argument in the function. This section starts by reviewing the transport cost data that is available and proceeds to discuss the relationship between various transport costs measures and trade, looking across countries and over time.
Different modes of transport offer different quality of service -in particular with respect to speed and reliability -in return for different freight charges, and we examine this trade-off.
Measuring transport costs.
There is wide dispersion of transport costs across countries. 
The responsiveness of trade to transport costs
We have demonstrated large cross-country variations in transport costs in terms of time and money, but do they contribute to variations in trade?
Empirical studies have regressed trade flows on various measures of transport costs.
To avoid omitted variable bias such regressions include a number of control variables, although they should only be included if they are thought to affect trade through channels other than transport costs. Dealing with variables that may work through a number of channels may be difficult. For example, including distance in such a regression would, in principle, give evidence of a relationship other than through the transport cost channel. In practice, identification is seldom so neat in econometrics, so it would be hard to be confident that some of the effects of transport costs are not being picked up also by the distance estimate an elasticity of about -1.3 for country-specific transport costs. Because shipping costs are quoted on a per unit basis, the ad valorem cost falls proportionately as the price of the good rises (or equivalently, as the weight falls), despite potentially higher handling or insurance costs. This has been used to argue that transport costs lead to the export of higher quality products (Hummels & Skiba, 2004 ).
The contribution of transport costs to trade growth
The studies above were based primarily on using cross-section variation to identify the imply transport costs are very important. The reason for this apparent contradiction is that the cross-section variation in freight rates in the sample is large, consistent with Table 1, while transport costs did not fall very much over time. This is somewhat at odds with the popular 9 The freight cost factor measures the impact of trade costs on the delivered price. Thus, if trade costs are 10% of the value of the product the trade cost factor is 1.1. It is natural to measure the elasticity of a trade flow with respect to this delivered cost, not the trade cost alone. 10 They derive their measure of trade costs by comparing international trade flows with internal flows in a way that is consistent with a large number of formal gravity models. The method does not permit a further decomposition into transport and non-transport costs.
belief that transport costs have fallen in recent times and the reasoning for this is elaborated in section 4. tend to carry more valuable goods over longer distances. In volume terms, less than 1% of goods now travel by air, but more than a third of the value of goods imported by the US now arrives on planes. 11 In terms of ton-miles, the growth rate of air transport was even higher than that of other modes (Hummels, 2007) . This turns out to be extremely high, being worth as much as 0.5% of the value of goods shipped, per day. Taking a mean ocean voyage of 20 days and assigning one day to air travel, Hummels computes a 9% tax equivalent of time costs for the US such that the transport cost factor associated with time delays in 1.09.
Transport costs and modal choice
Hummels & Schaur (2009) estimate the value of time saving using US import data that report the price and quantity of air shipping relative to ocean shipping as well as time delays associated with ocean shipping. The idea is that a firm's willingness to pay for more expensive air shipping is increasing in the number of days saved with airplanes and decreasing in the premium paid to ship by air. Using this approach, Hummels, Minor, 
The determinants of transport costs
We now shift our attention from the implications of transport costs to their determinants. In terms of equation (1), we are interested in establishing the effects of the arguments in the transport cost function, i.e. looking in detail at the relationship: 
Once again, evidence comes from both cross-section and time-series data and we look at each in turn.
Cross-section
As noted in Table 1 , there is considerable dispersion of transport costs, together with wide variations in the natural and man-made barriers between countries. What factors determine the magnitude of these cost barriers?
Distance and geography
The review in Abe & Wilson (2009) Africa's people live in landlocked countries (Ndulu, et al, 2007) . For these nations, it is especially important to be able to move across land cheaply and quickly. Thus, the quality of transport infrastructure and ease of transit can be important factors.
Infrastructure and Trade Facilitation
Infrastructure investment, while costly to undertake, has a major impact in reducing transport costs. The stock of infrastructure is frequently measured by an index of road, rail and telecommunications capacity, as pioneered by Canning (1998 Because the elasticity of costs with respect to distance is well below unity (as we saw earlier), they argue the remoteness disadvantage can be overcome with well-run ports. At the same time, the LPI measure of customs clearance quality displays much greater satisfaction in rich countries than poor. 14 The LPI is based in part on perceptions but also on objective numbers like the rate of physical inspection -many countries choose to inspect 100% of the goods physically while many others inspect only 1% -and on the actual days procedures take, where the time taken between the submission of an accepted customs declaration and customs clearance is less than a day in many countries but ten days in Benin and Sierra Leone (Arvis, Mustra, Ojala & Naula (2007)). There can be many procedural impediments. For example, Djankov et al (2006) note it takes 17 procedures to export a good from Burundi, which take more than two months to complete. Burundi is far from the coast 13 To summarise, transport costs are determined in part by the physical geography of distance and landlocked-ness, but also significantly by the fact that goods spend a lot of time moving slowly between borders or standing still at borders. Wilson (2003) calculates that the average time spent waiting at a border could have been used to travel 1600km in-land. This can be due to physical infrastructure deficiencies like ports but also because of procedural delays.
Market Power
So far we have considered the prices paid by users of transport in terms of the costs of supplying those services, but price-cost mark-ups also matter. While tramp shipping is set on spot markets, much liner shipping is priced by conferences, which facilitate collusion and possible exploitation of market power. According to , one in six importer-exporter pairs world-wide was served by only one ship operating on that route.
Over half were served by three or fewer ships, which in many cases were owned by a single carrier. Davies (1986) argues that, despite a market structure conducive to collusion, the general cargo market is sufficiently contestable to prevent it. In contrast, 
Time series
We have highlighted some factors that determine the variation in transport costs between countries and now turn to the factors that have caused them to change through time. As we saw in sections 2 and 3, there are puzzles to do with the relatively minor role of trade costs in driving the growth of trade volumes (section 3.3) and the increase in the absolute magnitude of the distance coefficient in gravity equations (section 2). To explain these, we have to look in more detail at the evolution of transport costs.
The evolution of transport costs
The second half of the twentieth century saw continuing transport innovation. Technical and other transport deregulation (Hummels, 2007) . By facilitating the transfer of goods on and off ships, the costs of using a container ship are half those of a conventional ship per unit of freight, even after factoring in higher capital costs for container ships (Levinson, 2006 ). The main reason appears to be input costs. Levinson (2006) Transporting oil is similar but dry bulk costs are more fuel price elastic. They place their results in the context of a "rule-of-thumb" elasticity of 0.4 for bulk goods and a bit less for containerised cargo. 18 Is it possible to isolate a contribution of containers in the absence of fuel costs? Industry reports cited in Levinson (2006) attribute big savings to the container.
For example, by the late 1980s, freight rates from Asia to the United States were calculated to 17 This clearly depends on fuel costs too. For example, fuel costs rose from a quarter of operating costs to one half of operating costs between 1972 and 1974 (Levinson, 2006) . 18 A simple comparison of changes in aviation fuel prices and airline operating costs implies an elasticity of 0.48 for air transport (Hummels, 2009 Transport quality, the mode of production and distance.
Many of the benefits of improved transport technology accrued through reduced journey times and better reliability, as well as through lower costs. This is evident for air travel and also applies to other modes. For example, one of the main benefits of the container manifested itself as time reductions associated with ease of transfer to land transport.
Maritime shipping times have also fallen; Hummels (2001a) reports that the average shipping time for routes to the US fell from 40 days to 10 days between 1950 and 1998. 19 These changes have had important implications for the composition of trade, enabling previously non-traded goods to be traded, and allowing new production methods to be used. They also explain the puzzle that trade has become more local. Time-sensitive products can now be traded internationally, but often this trade is with nearby countries to minimize both the length and the possible variance of journey times. Evans & Harrigan (2005) find that, if timely delivery is important, the goods will be produced near the source of final demand. For example, US apparel imports that are susceptible to fashion trends and whose popularity is unpredictable are being increasingly imported from nearby countries.
Thus, the World Bank argues that lower transport costs are increasing the regionalization of trade so that distance is more important than before (2009).
Methodological issues
The studies that we have discussed provide insights into the determinants of transport costs impact the results. We discuss two of these issues.
Third country effects and zeroes
Equation (2) models a bilateral trade flow between two countries. One set of issues in gravity modelling stems from the importance of third-country effects on the one-hand and from the large number of cases where there are no bilateral trade flows on the other.
Properly grounded gravity models incorporate the fact that demand for a product depends on its price relative to that of other products. Therefore, the trade response to a reduction in transport costs between a pair of countries depends on changes in transport costs elsewhere. This is the intuition behind "multilateral resistance", a term coined and modelled by Anderson & van Wincoop (2003 . This work, which is frequently cited by empirical researchers, dictates that there should be terms controlling for these third country effects; in other words, there should be controls for transport costs other than in the importer-exporter pair. Despite frequent citation, two of the paper's key messages are often ignored. First, omitting such controls can lead to biased estimates, for example of the distance coefficient τ 1
in Section 2. The use of importer and exporter fixed effects can resolve the estimation issues.
Second, even with τ 1 correctly estimated, the terms representing the third country effects are hidden in the fixed effects, so the trade response based only on τ 1 is still mis-calculated.
Dealing with these effects fully required solving a non-linear system of prices, which may be why almost no empirical studies did so. However, a recent contribution by Baier & Bergstrand (2009) allows one to take account of these effects using easily-constructed controls such that one can continue to estimate a single gravity equation by OLS and conduct comparative statics including third country effects. We expect many future empirical gravity models to do so.
The gravity literature has also renewed its attention on the prevalence of zeros in two-step method which accounts for zeros and firm heterogeneity using the argument that only the more productive firms will find it sufficiently profitable to cover the fixed costs of exporting to a destination. In the first step, they estimate a probit model for bilateral countrylevel exports, which they use to construct controls for zeros and for the proportion of firms selling from the exporter to the importer. They then add these controls to the otherwise standard gravity model. Behar & Nelson (2009) find that ignoring this factor leads to an underestimate of the effects of trade costs on trade for the average country.
Endogeneity and non-linearities
A significant coefficient in equation (2) 
The left hand side gives the overall (or reduced form) effect of distance on trade, while the right hand side decomposes it into a part associated with freight costs and a residual. The gravity model estimates reviewed in section 2 indicate a consensus reduced-form elasticity of trade with respect to distance of -0.9. In section 3, we found that the elasticity of trade with respect to the freight cost factor is of the order -3. Estimates of the elasticity of freight costs with respect to distance were reviewed in section 4; they vary greatly across mode, but a summary order of magnitude is 0. While historical studies suggest that the contribution of falling trade costs to the growth of trade is smaller than might have been expected, the puzzle is resolved by the fact that the measured fall in trade costs is quite low. Looking back, there are several reasons for this. One is the continuing importance of fuel costs. A second is that it is the fall in trade costs relative to the value of goods shipped that is the key variable, and it is not obvious that technical advance in transport has been consistently more rapid that technical progress in other areas. Finally, much of the technical advance in transport has gone into improved quality (speed and reliability) rather than lower cost.
Some aspects of the change in quality of transport services have been widely researched. We saw that time in transit is valuable and that transport times have fallen. This has affected trade volumes, but the full impact of these changes is broader. Quicker transport has allowed new time-sensitive products to be traded internationally -be it agricultural goods from Africa or fashion sensitive goods from Asia. They are also transforming the patterns of world production as just-in-time and similar management techniques come to be operated on an international level through production networks. 23 For a further discussion, see Engman (2005) .
